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ABSTRACT 


The  present  study  evaluated  serum  dextran 
concentration  and  its  molecular  size  distribution 
following  infusion  of  7.5%  NaCl/Dextran-70  (HSD)  or 
Dextran-70  alone  (D-70)  at  doses  as  high  as  the  maximum 
tolerated  dose  (MTD) .  In  the  first  set  of  experiments 
beagle  dogs  were  infused  i.v.  with  a  single  MTD  of  HSD 
or  D-70  (20ml/kg) .  At  6h  post-infusion,  serum  dextran 
concentrations  were  15%  higher  in  the  D-70  group  than 
the  HSD  group,  but  no  significant  differences  were 
detected  at  the  later  times. 

In  other  studies,  daily  infusion  of  2,3,  or  4 
times  a  4  ml/kg  dose  of  HSD  or  D-70  for  14  d  in  rabbits 
resulted  in  a  dose-dependent,  progressive  rise  in 
plasma  dextran  concentration.  Molecular  sizing  of 
dextran  in  serum  at  14  d  revealed  a  shift  from  70,000 
to  90,000  M.W.,  reflecting  the  typical  retention  of  the 
larger  dextran  fractions  seen  following  a  single  bolus 
infusion.  Despite  the  repeated  infusions,  molecular 
size  distribution  of  dextran  in  serum  indicated  no 
impairment  in  excretion  of  lower  molecular  weight 
components.  With  repeated  dosing  no  significant 
differences  were  observed  between  dextran 
concentrations  following  HSD  or  D-70  infusions.  Since 
serum  dextran  concentrations  reflected  the  dose 
infused,  the  data  from  these  studies  suggest  that  serum 
dextran  concentrations  are  a  useful  index  of  dextran 
administration  and  clearance.  Despite  the  high 
concentrations  and  loads  infused,  no  adverse  effects  on 
any  of  the  animals  were  detected. 
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Concentration  and  Molecular  Size  Distribution  of 
Dextran  in  Serum  from  Rabbits  and  Dogs  Infused  with 
Hypertonic  Saline  Dextran 
—  Dubick  et  al. 

INTRODUCTION 

Recent  years  have  seen  a  renewed  interest  in  the 
use  of  dextrans  for  the  treatment  of  hypovolemia.  In 
particular,  a  7.5%  NaCl/6%  Dextran-70  (HSD)  solution 
has  generated  numerous  experimental  studies  (1-4)  and 
with  reports  of  potential  clinical  efficacy  in  trauma 
patients  (5) ,  HSD  is  currently  undergoing  Phase  III 
clinical  trials  in  the  U.S. 

At  present  the  proposed  therapeutic  dose  of  HSD  is 
4ml/kg  or  infusion  of  250ml  to  an  average  70kg  adult. 
However,  others  have  proposed  that  4ml/kg  of  a  12% 
Dextran-70  solution  may  be  more  efficacious  (6)  and  a 
smaller  dose  of  24%  Dextran-70  solution  has  even  been 
proposed  (7) .  However,  questions  remain  regarding  the 
metabolic  fate  of  the  infused  dextran.  Despite  the 
large  body  of  literature  on  dextran  metabolism  that  has 
accumulated  over  the  past  40  years  (8,9),  few  studies 
have  addressed  the  newer  Dextran-70  preparations  and 
its  narrower  molecular  weight  range,  particularly  in 
the  presence  of  hypertonic  saline. 

Previous  investigations  with  dextrans  reported 
that  they  were  primarily  excreted  through  the  kidney 
(10,11).  Glomerular  filtration  of  dextrans  with 
molecular  weights  >  50-60,000  was  very  low  and  dextran 
was  neither  reabsorbed  nor  secreted  by  the  renal 
tubules  (10,12,13).  Studies  in  normal  humans  have 
shown  that  31-47%  of  a  dose  of  Dextran-60  or  70  was 
excreted  in  urine  in  the  first  24h  (10,14,15).  Most 
recently  Holcroft,  et  al.  (5)  reported  that 
approximately  30%  of  the  dextran  remained  in  plasma  24h 
following  infusion  of  HSD  to  trauma  victims.  In  work 
from  our  own  laboratory,  we  have  observed  in 
experimental  animals  that  the  t^  of  dextran  in  serum 
was  about  7.4  hr  in  rabbits  and  10-12  hr  in  pigs, 
following  infusion  of  4ml/kg  HSD  (16,17). 

The  present  study  monitored  dextran  metabolism  in 
serum  in  anticipation  of  a  modified  HSD  dose  or 
formulation,  or  expanded  uses,  such  as  by  multiple 
dosing.  Rabbits  and  dogs  were  infused  once  or  daily 
with  doses  up  to  the  maximum  tolerated  dose  (MTD)  of 
HSD  or  Macrodex  (Dextran-70  in  0.9%  NaCl) .  Serum 
concentrations  and  molecular  size  distribution  of 
dextran  were  determined  to  evaluate  the  potential  for 
dextran  accumulation  in  the  body. 
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MATERIALS  AND  METHODS 

Animals  and  Treatment 


Dogs :  Male  (n=4)  and  female  (N=4)  beagle  dogs, 

weighing  initially  7.5  to  10.9  kg,  were  obtained  from 
Ridglan  Farms,  Inc.  (Mt.  Horeb,  WI) .  They  were 
individually  housed  in  stainless  steel  runs  and  fed 
Purina  Canine  Diet  5007  and  purified  water,  ad  libitum. 
Dogs  were  housed  in  a  room  controlled  for  temperature 
( 15 . 6 ° -26 . 7  ° C)  and  humidity  (10-65%)  with  a  12  hr 
photoperiod  (0600-1800  hours) .  All  animals  were 
acclimated  for  at  least  12  d  before  the  day  of  dosing. 
During  this  period  dogs  were  quarantined,  examined  and 
baseline  hematologic  and  serum  chemistry  were 
performed.  They  were  checked  daily  for  signs  of 
illness.  For  the  daily  dosing  studies,  12  beagle  dogs 
(6  male,  6  female),  weighing  8.7-14.4  kg  were  obtained 
from  Hazel ton-LRE  (Kalamazoo,  MI) .  Otherwise,  animal 
husbandry  conditions  were  the  same. 

Rabbits ;  Male  (n=30)  and  female  (n=30)  New 
Zealand  White  rabbits  initially  weighing  2. 3-3. 6  kg 
were  obtained  from  Hazelton  Research  Products (Denver , 
PA) .  Rabbits  were  individually  housed  in  stainless 
steel  cages  with  screen  bottoms  and  fed  Purina  rabbit 
chow  5322  and  purified  water  ad  libitum.  Animals  were 
housed  in  a  room  controlled  for  temperature  and 
humidity  as  described  above  for  dogs.  All  animals  were 
checked  daily  for  illness.  Water  intake  was  measured 
daily  and  body  weights  were  recorded  weekly  throughout 
the  14  day  study. 

Treatment 

All  animals  were  randomly  assigned  to  treatment 
groups.  In  both  dogs  and  rabbits,  preliminary  studies 
were  performed  to  determine  the  maximum  tolerated  dose 
(18,19).  In  the  single  dose  studies  dogs  were  infused 
\  i.v.  via  the  cephalic  or  saphenous  vein  with  the 

maximum  tolerated  dose  (MTD)  of  20  ml/kg  7.5%  NaCl/6% 

'  Dextran-70  (HSD)  or  6%  Dextran-70  (D-70)  (AB  Pharmacia, 

Uppsala,  Sweden) .  In  the  studies  where  dogs  received 
daily  infusions  with  doses  as  high  as  the  MTD  of  HSD  or 
D-70,  solutions  were  administered  via  surgically 
implanted  femoral  vein  catheters.  Rabbits  were  also 
infused  daily  via  surgically  implanted  femoral  vein 
catheters  at  doses  up  to  the  MTD  of  HSD  or  D-70, 
previously  determined  to  be  16  ml/kg.  All  infusions 
k  were  administered  over  a  5  min  period. 
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In  dogs  infused  with  the  single  dose  of  HSD  or  D- 
70,  blood  samples  were  withdrawn  prior  to  and  0.25, 

1,2, 3, 7  and  14  days  following  infusion.  In  both  rabbit 
and  dog  multiple  dosing  studies,  blood  samples  were 
withdrawn  prior  to  dosing  (baseline)  and  on  days 
1,2, 3, 7  and  14  at  a  time  before  the  subsequent 
infusion.  Serum  was  separated  from  blood  cells  by 
centrifugation  and  stored  at  -20® C  until  analyzed. 


Dextran  Measurements 


Total  carbohydrate  concentrations  in  serum  were 
determined  by  the  anthrone  reaction  (20)  following 
precipitation  of  serum  protein  with  10%  trichloroacetic 
acid  (TCA) .  Plasma  glucose  was  determined  by  an 
automated  glucose-hexokinase  enzymatic  method  performed 
by  the  Analytical  Chemistry  Branch,  Letterman  Army 
Institute  of  Research.  Plasma  dextran  concentrations 
were  then  estimated  by  subtracting  the  glucose 
concentrations  from  the  concentrations  of  total 
carbohydrate.  Hematocrit  values  were  determined  to 
monitor  the  hemodilution  effects  of  HSD  and  D-70. 

Gel  Filtration 


Serum  samples  were  deproteinized  with  TCA, 
neutralized  and  the  protein-free  aliquot  applied  to  a 
n.9x87  r'm  column  of  Sephadex  200/1  no  equilibrated  with 
0.3%  NaCl  and  eluted  with  the  same  solution  (21). 
Fractions  were  collected  and  assayed  for  anthrone- 
reactive  substances  as  described  above.  These  studies 
quantitated  the  molecular  weight  distribution  of  the 
dextran  fractions  to  detect  metabolism  of  dextran 
following  its  infusion  as  HSD  or  D-70. 

Other  Assays 

Assays  for  sodium,  potassium  and  chloride  were 
performed  by  the  Analytical  Chemistry  Branch,  Letterman 
Army  Institute  of  Research.  Serum  sodium  and  potassium 
concentrations  were  determined  with  a  flame  photometer 
(Instrumentation  Laboratory,  Lexington,  MA) .  Chloride 
concentrations  were  determined  by  a  commercial  kit 
(Roche  Diagnostic  Systems,  Nutley,  NJ)  for  analysis  on 
a  Cobas  Fara  II  centrifugal  fast  analyzer  (Roche 
Analytical  Instruments,  Belleville,  NJ) . 
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Statistical  Analysis 

Data  were  statistically  analyzed  by  standard  one¬ 
way  ANOVA  with  time  as  the  independent  variable.  At 
each  time  period,  if  a  significant  F-  statistic  was 
obtained,  differences  between  groups  were  evaluated  by 
Dunnett's  or  Newman  Keuls  multiple  range  test  (22).  A  p 
<0.05  was  considered  the  level  of  statistical 
significance . 

RESULTS 

Single  dose  in  dogs 

The  single  infusion  of  HSD  or  D-70  at  the  MTD  (20 
ml/kg)  did  not  affect  body  weight  during  the 
experimental  period  (data  not  shown) .  Water 
consumption  increased  nearly  3-fold  (2019+  vs.  699+208 
ml/day)  the  first  day  after  HSD  infusion  in  comparison 
to  baseline  values  in  this  group.  No  such  increase  in 
water  consumption  was  observed  in  dogs  following  D-70 
infusion.  Since  these  animals  were  euvolemic,  infusion 
of  HSD  or  D-70  had  no  significant  effect  on  hematocrits 
at  any  of  the  times  assayed  (Table  1) .  During  the 
experimental  period  D-70  infusion  had  no  significant 
effect  on  serum  Na,  K  or  Cl  concentrations  (Table  1). 

In  contrast,  6  hr  after  HSD  infusion,  serum  Na  was 
significantly  higher  and  K  lower,  in  comparison  to 
baseline  concentrations  (Table  1).  At  24h,  the 
concentrations  of  these  elements  were  normal  and 
remained  so  throughout  the  remaining  experimental 
period.  Serum  Cl  concentrations  were  not  affected  by 
HSD  administration. 

In  dogs  infused  with  a  single  dose  of  20ml/kg  HSD 
or  D-70,  serum  dextran  concentrations  6h  after 
infusions  were  15%  higher  in  the  D-70  than  HSD  group 
(Table  2) .  No  significant  differences  were  detected  in 
serum  dextran  concentrations  between  groups  at  all 
other  time  points. 

Multiple  dose  in  dogs 

Daily  infusions  of  HSD  or  D-70  for  14  days  at 
doses  up  to  20ml/kg  also  did  not  affect  body  weights. 

At  all  doses  of  HSD,  daily  water  consumption  was 
significantly  higher  than  pre-infusion  levels 
throughout  the  14  day  experimental  period  whereas  water 
consumption  was  not  affected  by  daily  D-70  infusions 
(data  not  shown).  In  these  animals,  daily  infusion  of 
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HSD  and  D-70  at  the  MTD  resulted  in  significantly  lower 
hematocrits  in  comparison  to  pre-infusion  values  (Table 
3; .  In  both  HSD  and  D-70  infused  dogs,  no  significant 
effects  on  serum  Na,  K,  or  Cl  concentrations  were 
observed  throughout  the  experimental  period  (Table  3) . 

Daily  infusion  of  12,  16,  or  20  ml/kg  HSD  or  D-70 
resulted  in  a  dose-dependent,  progressive  increase  in 
serum  dextran  concentrations  (Fig  1) .  In  general 
dextran  concentrations  were  similar  in  the  dogs  infused 
with  16  or  20  ml/kg  and  these  concentrations  were 
significantly  higher  than  those  measured  in  dogs 
infused  with  12ml/kg.  In  addition,  at  each  dose  level, 
serum  dextran  concentrations  on  comparable  days  were 
slightly  lower  in  dogs  infused  with  HSD  than  D-70,  but 
the  differences  were  not  statistically  significant. 

Multiple  dosing  in  rabbits 

Daily  infusion  of  the  MTD  (16ml/kg)  of  HSD  or  D-70 
for  14  days  in  rabbits  also  did  not  affect  body  weights 
throughout  the  experimental  period.  In  contrast  to 
dogs,  daily  infusion  of  the  compounds  also  did  not 
significantly  affect  water  consumption  (data  not 
shown) . 

In  the  D-70  group,  hematocrits  were  significantly 
lower  than  pre-infusion  levels  from  day  2  to  the  end  of 
the  experimental  period,  whereas  in  the  HSD  group, 
hematocrits  were  significantly  lower  than  pre-infusion 
values  from  day  3  to  14  (Table  3).  In  both  groups, 
serum  Na,  K  and  Cl  were  not  significantly  affected  by 
D-70  or  HSD  infusion  at  any  of  the  times  assayed  (Table 
3)  • 


In  rabbits  infused  daily  with  8,  12  or  16ml/kg  of 
HSD  or  D-70,  a  progressive  dose-response  increase  in 
serum  dextran  concentrations  was  also  observed  over  the 
14-day  experimental  period  (Fig  2).  As  observed  in  the 
dog  studies,  no  significant  differences  in  serum 
dextran  concertrations  were  detected  following  infusion 
of  the  1?  or  16ml/kg  dose,  and  these  concertrations 
were  higher  than  those  observed  following  infusion  of 
8ml/kg.  In  addition,  at  each  time  period  assayed,  no 
significant  differences  were  observed  in  serum  dextran 
concentrations  between  animals  receiving  the  same  dose 
of  HSD  or  D-70.  Gel  filtration  chromatography  of  serum 
from  rabbits  infused  daily  with  the  MTD  of  16  ml/kg 
showed  the  typical  shift  to  the  left,  corresponding  to 
a  shift  in  peak  molecular  weights  from  70,00  to  90,000 
for  both  HSD  and  D-70  over  the  14  day  period  (Fig  3) . 
Despite  the  multiple  infusions,  there  appeared  to  be  no 
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decrement  in  the  serum  clearance  of  low  molecular 
weight  dextran  components. 

Discussion 

Current  experimentation  with 
hypertonic/hyperoncotic  solutions,  e.g.,  HSD,  for  the 
treatment  of  hypovolemic  states  has  led  to  4  ml/kg  as 
the  recommended  therapeutic  dose  (cf  16) .  More 
recently,  others  have  begun  experimenting  with  higher 
dextran  or  salt  concentrations  to  derive  a  greater 
cardiodynamic  benefit  (6,7).  As  these  studies  have 
progressed,  it  has  become  clear  that  a  better 
understanding  of  dextran  metabolism,  at  varying  NaCl 
and  Dextran-70  loads,  could  help  design  more  rational 
therapeutic  approaches  and  avoid  potentially  adverse 
effects. 

In  the  present  study,  6h  following  infusion  of  a 
single  bolus  of  the  maximum  tolerated  dose  of  20  ml/kg 
of  HSD  to  euvolemic  dogs,  serum  Na  and  K  concentrations 
were  significantly  different  than  pre-infusion  levels 
although  peak  concentrations  were  not  determined.  At 
24h ,  Na  and  K  concentration  had  returned  to  normal. 

This  is  in  agreement  with  previous  studies  that  have 
shown  a  peak  rise  in  serum  Na  within  minutes  after  an 
infusion  of  HSD  or  hypertonic  saline,  then  a  slow 
return  of  serum  Na  toward  normal  levels  (2,  23-25). 

This  return  to  baseline  occurs  more  rapidly  if  the 
animals  are  allowed  free  access  to  water  following  HSD 
infusion,  and  under  these  conditions  Na  concentrations 
are  normal  by  24h  post-infusion  (23)  .  Since  animals  in 
the  present  study  were  allowed  free  access  to  water,  it 
is  not  surprising  that  serum  Na  concentrations  are 
normal  24h  after  HSD  infusion  and  that  Na  metabolism 
was  not  altered  following  daily  HSD  infusions  for  14  d 
in  either  rabbits  or  dogs. 

In  addition,  the  decrease  in  serum  K  observed  in 
dogs  6h  following  a  single  MTD  of  HSD  was  transient  and 
was  not  clinically  significant.  Daily  infusions  of  HSD 
or  D-70  also  did  not  affect  serum  K  concentrations  in 
rabbits  or  dogs.  Serum  Cl  concentrations  were  not 
affected  in  either  species  during  the  14  day 
experimental  period. 

At  the  6h  time  point  in  the  single-dose  study, 
serum  dextran  concentrations  were  approximately  15% 
higher  in  dogs  infused  with  Dextran-70  (D-70)  than  HSD. 
It  was  possible  that  this  difference  reflected  a 
greater  hemodilution  induced  by  HSD  than  D-70,  but  this 
was  not  supported  by  the  hematocrit  values  obtained. 
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Although  body  weights  were  not  statistically  different 
between  the  groups,  the  D-70  group  consistently  weighed 
a  little  more,  so  these  initial  differences  may  reflect 
the  D-70  group  as  a  whole  receiving  more  dextran  than 
the  HSD  group.  In  general,  this  serum  dextran 
concentration  was  3-4  times  higher  than  the  6h 
concentration  observed  in  normal  rabbits  or  pigs 
infused  with  4  ml/kg  HSD  (16,17).  Nevertheless,  at  the 
subsequent  times,  dextran  concentrations  were  nearly 
identical  in  both  groups  for  the  remainder  of  the 
experimental  period.  In  both  the  HSD  and  D-70  dogs, 
serum  dextran  concentrations  were  essentially 
undetectable  72h  after  infusion.  In  previous  studies 
with  rabbits  and  pigs  infused  with  4  ml/kg  HSD,  we 
observed  serum  t^'s  of  7.4  and  10-12  hr,  respectively 
(16,17).  Thus,  the  data  from  the  present  studies  are 
consistent  with  these  observations  and  suggest  that 
although  the  dogs  were  infused  with  5  times  the  dose  of 
HSD  or  D-70  used  previously,  the  rate  of  dextran 
clearance  from  serum  did  not  appear  to  be  altered. 

In  the  second  set  of  experiments,  rabbits  and  dogs 
were  infused  daily  for  14  d,  i.v.,  with  multiples  of 
the  4  ml/kg  dose,  to  their  respective  MTD.  In 
preliminary  studies  this  was  determined  to  be  16  ml/kg 
for  rabbits  (19).  Serum  dextran  concentrations  were 
measured  to  see  if  dextran  accumulation  correlated  with 
any  observed  toxicity.  Based  on  the  serum  t%  of 
dextran  previously  observed  in  rabbits  (17) ,  24h  was 
not  long  enough  to  totally  clear  a  4  ml/kg  dextran  dose 
from  serum,  so  its  accumulation  was  expected.  A  dose- 
response  increase  in  serum  dextran  concentrations  was 
observed  in  both  HSD  and  D-70-  infused  rabbits.  In  both 
HSD  and  D-70-infused  rabbits,  at  all  doses,  serum 
dextran  concentrations  were  observed  to  increase  about 
4  to  6  times  the  corresponding  concentrations 
determined  on  day  1. 

This  increase  in  dextran  serum  concentrations  does 
not  suggest  a  change  in  the  rate  of  its  serum 
clearance,  despite  daily  infusion  at  the  MTD.  Further 
analysis  of  serum  dextran  in  rabbits  infused  with 
16ml/kg  HSD  and  D-70  revealed  a  shift  in  higher 
molecular  weight  fractions  from  70,000  to  90,000  over 
the  14  day  period.  This  shift  is  consistent  with 
previous  reports  following  a  single  "therapeutic”  dose 
of  D-70  or  HSD  (26,17).  The  relatively  small  magnitude 
of  the  shift  observed  in  the  present  study  suggests 
that  renal  clearance  of  dextran  was  not  significantly 
affected  by  daily  infusion  of  such  large  doses. 

However,  urine  was  not  available  in  this  study  to 
confirm  this  hypothesis. 
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In  conclusion,  these  data  indicate  that  daily 
infusion  of  HSD  or  D-70,  at  doses  as  high  as  the 
maximal  tolerated  dose  to  rabbits  and  dogs  resulted  in 
serum  dextran  concentrations  as  high  as  2500  mg/dl .  In 
addition  the  serum  concentrations  generally  reflected 
the  dose  infused.  Despite  such  high  concentrations  (up 
to  five  times  those  previously  observed  in  the 
treatment  of  hypovolemia  (16,17)),  no  overt  toxicity  or 
altered  dextran  clearance  was  observed.  In  addition, 
serum  Na,  Cl  and  K  levels  were  also  maintained  within 
acceptable  limits,  even  following  daily  infusions  at 
the  MTD.  Since  the  current  proposed  therapeutic  dose 
of  HSD  is  a  single  4ml/kg  dose,  the  present  study 
indicates  that  few  adverse  effects  would  be 
encountered,  even  if  the  dose  was  doubled  or  multiple 
infusions  given. 
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Table  2 

Serum  Dextran  Concentrations  in  Dogs  Infused 
with  20ml/kg  of  HSD  or  Dextran-70 


DAY 

0.25 

1 

2 

3 

7 

14 


HSD  fn=4) 
864+29 
671+64 
261+60 
132+12 
NDr 
ND 


D-70  ( n=4 ) 
991+34* 
674  +  4  3 
333+47 
154+15 
ND 
ND 


IData  expressed  as  mean  +S.E.  of  mg/dl. 
2ND-  not  detectable 
*p<0 . 05  from  HSD  group 
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Serum  dextran  concentrations  in  euvolemic  dogs 
infused  daily  with  12,  16,  or  20  ml/kg  HSD  or 
D-70.  Data  represents  mean  +S.E.  of  4  animals  at  each 
time  point.  Different  superscript  denotes  significant 
difference  (p<0.05). 


Fig  1 
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Fig  2.  Serum  dextran  concentration  in  euvolemic  rabbits 
infused  daily  with  8,12  or  16  ml/kg  HSD  or  D-70. 
Data  represent  mean  ±S.E.  of  4-6  determinations  at 
each  time  point.  Different  superscript  denotes 
significant  difference  (p<0.05). 
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Fig  3. 


Molecular  weight  distribution  of  dextran  in  serum  from 
rabbits  infused  daily  with  16ml/kg  of  HSD  (closed 
circles)  or  Dextran-70  (open  squares) . 
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